Development of shrinkage resistant cement-based materials using fibers by Hamedanimojarrad, P et al.
DEVELOPMENT OF SHRINKAGE RESISTANT CEMENT-BASED
MATERIALS USING FIBERS
PEDRAM HAMEDANIMOJARRAD, GEORGIUS ADAM, ABHI S. RAY, KIRK VESSALAS
and PAUL S. THOMAS
Centre for Built Infrastructure Research, Faculty of Engineering, University of Technology,
Sydney, Australia.
Drying shrinkage is the major contributor to volume changes in normal strength concrete. Several
classes of shrinkage compensating admixtures are known to the concrete industry. This study
deals with the literature review and categorization of different classes of shrinkage reducing
fibers, especially polyethylene fibers, with the objective of introducing new types of shrinkage
reducing fiber. In this investigation a special type of hydrophobic polyethylene minifibers has
been used in different dosages in mortar samples. The experimental results on drying shrinkage
aswellasonseveralotherpropertiesarereported.Thehydrophobicminifibersshowedremarkable
improvement in shrinkage reduction even at very low concentrations (0.1% of cement weight).
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1. Introduction
Cement-based materials including mortar
and concrete are subject to different types of
volume changes in their service life. Once
mortar and concrete have been exposed to
dry conditions, the material begins to lose
water and then shrink. The loss of free
water from large cavities present in paste
microstructure may not result in shrinkage;
however the loss of adsorbed water and
water held in small capillary pores result
in a reduction in disjoining pressure, which
is known as the principal cause of drying
shrinkage (Mehta 2006).
The formation of cracks in cement-based
materials is due to tensile stress or dif-
ferent forms of shrinkage when the speci-
men is restrained. Once the cement-based
material cracks, chemicals can enter and
diffuse through the cementing matrix. In
order to prevent cracking of concrete, fibers
may be incorporated into the mix to pro-
vide reinforcement. Fibers are expected to
bediscontinuous,andrandomlydistributed
throughout the cement paste matrix, and in
consequence they act well in crack control-
ling (Bentur and Mindess 2007).
2. Fibers in Shrinkage Reduction
Fibers are commonly accepted for their
immediate effects in shrinkage cracking
resistance, rather than shrinkage reduction.
To date, there have been several types of
fibers introduced to the construction indus-
try. Bentur and Mindess (2007) have listed
them as steel fibers, glass fibers, natural
fibers and other synthetic fibers which in-
clude polypropylene, polyethylene, acrylic,
polyester, nylon, carbon, Aramid and
PVA.
Pelisser et al. (2010), stated that the addi-
tion of short polypropylene fibers to the
mortar mix was efficient in preventing con-
siderably crack formation due to plastic
shrinkage. Sivakumar et al. (2007) stated
that in hybrid fiber combinations, the steel–
polyester combination led to a significant
reduction in cracking, compared to plain
concrete. Mesbah et al. (1999) reported that
cast iron fibers are more efficient than
polypropylene fibers in reducing cracking,
although the use of both types contribute to
delaying the overall development of cracks.
Kayali et al. (1999) reported higher drying
shrinkage strain for lightweight aggregate
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concretes reinforced with polypropylene or
steel fibers, compared to plain concrete.
Vegetable fiber reinforced composites
have also been studied. Toledo et al. (2005)
carried out shrinkage measurement tests
and stated that free plastic shrinkage can
be reduced by the inclusion of 25 mm
short sisal fibers in cement mortar. These
authors also reported that addition of
25 mm sisal and coconut fibers can delay
the initial cracking for restrained plastic
shrinkage and effectively controls crack
development at the early age of composite.
Soroushian and Ravanbakhsh (1998) have
also employed cellulose fibers and found
78% reduction in plastic shrinkage crack
area relative to plain conventional concrete.
Boghossian and Wegner (2008) studied the
influence of flax fibers and showed that the
total projected area of cracks forming on
the surface of specimens within the first
24 h was reduced by more than 95% relative
to plain mortar specimens, and maximum
crack widths were reduced by more than
90% to less than 0.18 mm.
Chen and Chung (1996) indicated that the
use of 0.19% by volume short carbon fibers
(0.5% of the cement weight) in silica fume
modified concrete resulted in 84% decrease
in drying shrinkage strain after 14days stor-
age in air.
Passuello et al. (2009) reported that addi-
tion of fibers does not greatly modify the
cracking time, but does reduce the crack
widthbyabout 70%in the caseof longfibers,
and by almost 90% with short fibers.
2.1. Polyethylene fibers
Highmodulusfibersusually showhighulti-
mate strength, low strain capacity and small
crack width properties, while low modu-
lus fibers have low ultimate strength, high
straincapacityandlargecrackwidthproper-
ties (Ahmed et al. 2007). Polyethylene can be
categorized as low modulus synthetic fiber.
However it can be produced with a relative
high density.
In related studies, two different geome-
try of polyethylene fibers have been used
in cement-based specimens: (1) short and
dispersed, up to 4% by volume; (2) continu-
ous network of fibrillated fibers and about
10% by volume of concrete sample (Bentur
and Mindess 2007).
Regarding structural studies, Ahmedand
Maalej (2009) stated that the ultimate ten-
sile strain capacity was found to increase
with increase in polyethylene fiber contents
and beyond a particular fiber content the
strain capacity decreased. Kobayashi and
Cho (1981) confirmed that the characteris-
tic feature of polyethylene fiber reinforced
concrete as a structural material, might be
its excellent ductility. Soroushian et al. (1993)
illustrated that both polyethylene pulp and
fiber tended to increase the impact resis-
tance, flexural strength and toughness of
cementitious materials. They also experi-
enced positive effects on the compressive
strength of cement-based matrices.
3. Significance
In this study a new type of polyethylene
fibers is examined to study the drying
shrinkage characteristics of fiber reinforced
mixes. This synthetic fiber is hydropho-
bic monofilament polyethylene minifiber
of 0.1mm length, 5 micrometer diameter
and surface area of 12 m2/gr. This espe-
cially cut short fiber is available for differ-
ent application.
Hydrophobic polyethylene minifibers
are expected to reduce the amount of mois-
ture loss in samples due to blockage of
capillary pores inside cement paste matrix,
while they are dispersed in the paste and
repel water. Using minifiber as an addi-
tive, laboratory experiments were fulfilled
using different dosages of that to evaluate
its efficiency as anti-shrinkage additive and
its effect on the physical and mechanical
characteristics of mortar specimens.
Since mortar samples are more vulnera-
ble to dry shrinkage than concrete samples
with the same size and shape, they have
been used in this research project.
4. Experimental Investigation
Australian standards (AS) have been fol-
lowed for these sets of experiments. The
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prismatic test specimens were 40× 40×
145 mm3insize(Standards-Australia2006b).
For the first 20–24 hours after mixing, all
the specimens were kept in a moist envi-
ronment where the relative humidity was
more than95%(Standards-Australia 2006a).
After demoulding, all the specimens were
initiallymeasuredfor their lengthandmain-
tained inside the humidity-controlled cabi-
netatatemperatureof23± 1◦Candarelative
humidity of not less than 50% (Standards-
Australia 2006b).
4.1. Material, mortar mix
proportions
General Purpose Cement from Cement-
Australiawasused.RaymondTerracesingle
washed sand (Rocla Quarry Products) was
theaggregateused in laboratory tests.Addi-
tionally, a polycarboxylate Ether polymer
based, high-range water reducing admix-
ture, suppliedbyBASFConstructionChem-
icals was used as superplasticiser to adjust
workability. For comparing purposes, all
mixes consist of same concentration of
superplasticiser.
All the tests were carried out at 22 ± 1◦C.
In order to obtain comparable results for the
evaluation of the new additive, as a set of
test, about 4 different mixes, including con-
trol mix, were carried out on the same day
andunder thesameenvironmentalambient.
Mortar mix designs, presented in Table 1
were derived and modified from standard-
ized proportions listed under AS2350.12
(2006a). Preparation of mortar mixes were
carried out in accordance with the same
code.
The shrinkage reducing additive was
first added to cement, and the whole bag
Table 1. Mix proportions of mortar specimens.
Mixes Raw
materials Co Fi0.01 Fi0.05 Fi0.1 Fi0.3
Cement (g) 450 450 450 450 450
Sand (g) 1350 1350 1350 1350 1350
Water(g) 224.4 224.4 224.4 224.4 224.4
Superpl. (ml) 1 1 1 1 1
Fiber(g) 0 0.045 0.225 0.45 1.35
was very well vibrated in order to have a
consistent mixture of cement and additive.
In Table 1, the term “Co” stands for the
controlmixwithoutanyfiber.TermsFi0.01%
to Fi0.3% stand for mixes with polyethy-
lene fibers concentration of 0.01% to 0.3% to
cement mass, respectively.
4.2. Shrinkage measurement
Immediately after demoulding, all the spec-
imensweresubject to initial lengthmeasure-
ment to the nearest 0.001 mm, using drying
length comparator. Subsequent measure-
ments were also taken at the ages of 7, 14, 21
and28daysafter casting.Thedryingshrink-
age for 7, 14, 21 and 28 days was calculated
by ΔL/L (Neville 1995, Standards-Australia
2006b), Where ΔL is the difference between
the initial length measurement taken imme-
diately after demoulding and the length
reading at the particular age, and L is the
original length of the sample.
4.3. Physical properties
Physical properties of mixes including the
flow, mass changes of specimens during 28-
day ambient storage and 28-day compres-
sive strength are also studied.
Mixing and casting of mixes with 1.0%
or more concentration of minifiber was too
difficult, since the produced mix was not
workable enough for mixing and casting.
They could be made workable by adding
more superplasticiser, but for omitting the
possibility of superplasticiser effects on
drying shrinkage for comparing purposes,
the results of mixes with 1% or more of
minifiber are not reported in this paper.
5. Results
5.1. Fresh properties
Figure 1, shows the flow of mortars based
on measurements carried out in accordance
with ASTM standards (ASTM 2007). A
reduction in workability was observedwith
increasing additions of minifibers to the
mortarmixes.Since thedensityofminifibers
is low (approximately 0.96), adding more
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Fig. 1. Flow properties of different mixes.
amounts to the mortars could increase the
proportion of dry raw materials used in
the mix.
5.2. Hardened properties
5.2.1. Drying shrinkage
The results of drying shrinkage in first
28 days air storage of mortar specimens are
showninFigures2and3.Fromthesefigures,
drying shrinkage is found to reduce with
addition of minifiber. Of most significance,
there was a reduction of 18% shrinkage
observed after 28 days for the Fi0.1% mix.
Considering the improvements observed
in reducing shrinkage, lower concentra-
tions of minifiber additions were consid-
ered; however, no further improvements in
drying shrinkage reduction were observed
(Figure 3).
It is likely that the 0.1% addition of
minifiber acts as an optimum addition
amount for shrinkage reduction.
Fig. 2. Drying shrinkage of mixes.
Fig. 3. Drying shrinkage of mixes.
Fig. 4. Mass changes of mixes.
The mass of each sample was also mea-
sured during each subsequent length mea-
surement. Results of % mass change are
shown in Figure 4. From this figure, the %
mass change was found to be lower for all
additions of minifibers than for the Co mix.
The Fi0.1% mix demonstrated the lowest %
water loss.
5.2.2. Compressive strength
Specimens with minifibers were found to
have lower compressive strength when
Fig. 5. 28-day compressive strength of mixes.
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compared to control mix. Figure 5 depicts
the 28-day compressive strength results for
all mortar specimens.
Compressivestrengthofmortars incorpo-
rating low addition amounts of minifibers,
suchas0.01%wascomparable to theComix.
But with increasing minifiber additions the
compressive strengthwas found todecrease
with a tangible trend.
6. Discussion
Adding a low dosage of polyethylene
minifibers has demonstrated that dry-
ing shrinkage of mortar specimens can
be reduced. However, different results
were obtained for different concentration
amounts of minifibers. In addition, a direct
relationship between shrinkage reduction
and specimen water loss was observed for
each mix. That is, less drying shrinkage was
found with lower moisture loss.
In addition, the measurements of wet
densities performed in accordance with
ASTM (ASTM 2009), indicate that adding
minifibers to mortar increases the wet den-
sity compared to control mortar. Polyethy-
lene minifibers resulted in a reduction of
28-day compressive strength which may be
due to adding non reacting fibers.
The mechanism proposed for shrinkage
reduction using minifibers may be inter-
rupting the capillary structure formation in
the mortar due to the presence of hydropho-
bic fibers in the cement paste, which results
in decreasing the water transfer from the
inner layersofmatrix to the surface. Figure 4
proves this mechanism, since the changes in
mass of mixes with minifibers are less than
those of the control samples.
7. Conclusions
An optimum amount of 0.1% of polyethy-
lene minifibers was found to significantly
reduce drying shrinkage.
Since the addition of minifibers reduced
compressive strength, changing the mix
proportions is proposed. Water repellent
which was the expected, was the mecha-
nism involved in shrinkage reduction.
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